Anxiety and Depression Scale (HADS). The responsiveness to exercise training was assessed using effect sizes and standardised response means. Results: Eighty-five participants were included (mean age ± SD, 64 ± 13 years). Internal consistency was adequate (>0.7) for all CRDQ domains and the total score. Test-retest reliability ranged from 0.69 to 0.85 for each CRDQ domain and was 0.82 for the total score. Dyspnoea (CRDQ) was related to St George's respiratory questionnaire (SGRQ) symptoms only (r = 0.38), with no relationship to the Leicester cough questionnaire (LCQ) or HADS. Moderate correlations were found between the total score of the CRDQ, the SGRQ (r s = -0.49) and the LCQ score (r s = 0.51). Lower CRDQ scores were associated with higher anxiety and depression (r s = -0.46 to -0.56). The responsiveness of the CRDQ was small (effect size 0.1-0.24). Conclusions: The CRDQ is a valid and reliable measure of HRQOL in mild to moderate non-CF bronchiectasis, but responsiveness was limited.
Introduction
Non-cystic fibrosis (CF) bronchiectasis is a chronic airway disease that involves the abnormal destruction and dilatation of the bronchi and bronchioles [1] . This may be associated with inflammation and progressive tissue destruction with abnormal lung function [2] [3] [4] [5] . Clinically, it is characterised by chronic and commonly purulent sputum expectoration, fatigue, reduced exercise capacity and progressive dyspnoea that can become disabling [2] [3] [4] [5] [6] [7] [8] . People with non-CF bronchiectasis frequently experience recurrent acute exacerbations due to a vicious cycle of persistent infection and inflammation [9, 10] . These symptoms have a significant impact on the patient's health-related quality of life (HRQOL) [11] [12] [13] .
To date, several questionnaires have been developed to assess HRQOL in chronic respiratory conditions which provide important objective measures in clinical practice, including the St George's respiratory questionnaire (SGRQ), the chronic respiratory disease questionnaire (CRDQ) and, more recently, the quality of life questionnaire -bronchiectasis (QOL-B) [14, 15] . Both the SGRQ and the CRDQ are disease-specific tools which provide a valid and reliable measure of HRQOL in patients with chronic obstructive pulmonary disease (COPD) [16] [17] [18] [19] and those with interstitial lung disease [20] . In non-CF bronchiectasis, the SGRQ, the Leicester cough questionnaire (LCQ) and the QOL-B have been found to be valid and reliable measures of HRQOL [2, 14, 15, 21] . Recent studies exploring the effects of physiotherapy interventions have also applied the CRDQ to assess HRQOL in this population [22, 23] . In addition, the CRDQ is a recommended tool for assessing the effects of pulmonary rehabilitation on HRQOL [24, 25] ; surveys of clinical practice found it to be commonly applied in assessing the effects of this intervention in individuals with non-CF bronchiectasis [26] [27] [28] . Despite this use, the measurement properties of the CRDQ in patients with non-CF bronchiectasis and its responsiveness to change are unclear. Therefore, the aim of our study was to examine the role of the CRDQ in measuring HRQOL in patients with non-CF bronchiectasis and, specifically, to determine its reliability, validity and responsiveness.
Materials and Methods

Study Design
This is a prospective validation study using data from a larger clinical trial examining the effects of exercise training in non-CF bronchiectasis on HRQOL [23] . The study commenced on April 9, 2009, and concluded on December 12, 2011. Participants were randomised to exercise training or control (no change in management) for 8 weeks and were followed up 6 months after intervention. The study was approved by the Human Research Ethics Committees at each institution. All participants gave written informed consent for the study.
Participants
Participants had a confirmed diagnosis of non-CF bronchiectasis through high-resolution computed tomography (HRCT) of the chest [29] . Exclusion criteria were other respiratory conditions including COPD [30] , asthma [31] or interstitial lung disease as well as any orthopaedic or neurological conditions which prevented the ability to safely undertake exercise or cover a 6-min walk distance (6MWD). Spirometry was measured at baseline according to standard guidelines [32] . Exertional dyspnoea was measured using the modified Medical Research Council Grade (mMRC) [33] .
Measurements
Patients completed four HRQOL instruments, three of which were disease specific. The self-administered CRDQ consists of 20 items and assesses the domains of dyspnoea, fatigue, emotional function and mastery, with a total score ranging from 0 to 100 and higher scores signifying better HRQOL [34] . The SGRQ is a selfadministered tool which consists of 76 items and comprises three components: symptoms, activity and impact, with a total score ranging from 0 to 100 and higher scores indicating a poorer HRQOL [2, 35] . The LCQ is a 19-item, self-administered questionnaire of three domains measuring the physical, psychological and social impact of chronic cough, with a total severity score ranging from 3 to 21 and lower scores indicating greater impairment [21, 36] . The Hospital Anxiety and Depression Scale (HADS) measured the presence of anxiety or depression across 14 items, with a score of ≥ 11 indicative of clinically significant anxiety or depression [37] . Functional exercise capacity was measured using 6MWD. Two tests were completed on each assessment occasion to a standardised protocol, with the better of the two tests recorded [38] .
Reliability, Validity and Responsiveness
The internal consistency of the CRDQ was measured using Cronbach's α, based on the baseline assessment of the three domains and total score in all participants. For assessment of reliability, the intra-class correlation coefficient (ICC) (2, 1) was measured in a group of 43 participants who had no change in management between baseline and the follow-up visit 9 weeks later (controls). A Bland-Altman analysis for the total CRDQ score was used to demonstrate agreement over time. For both Cronbach's α and the ICC, values >0.7 were considered acceptable [39] .
Using baseline measures of all participants, convergent validity was assessed using total scores and specific domains from the CRDQ, SGRQ and LCQ, with moderate to high correlations expected between total scores, and individual domains of those questionnaires measuring similar constructs. Similar constructs for the CRDQ dyspnoea and fatigue domains were the SGRQ symptoms and activity domains as well as the LCQ physical domain; for the CRDQ emotional function and mastery domains, the SGRQ impact domain, the LCQ psychological domain and the anxiety and depression scores were similar constructs. Discriminant validity was tested using the CRDQ domains and total score with lung function (spirometry) and 6MWD. Correlations were calculated using Pearson's correlation coefficient and Spearman's rank correlation as appropriate. Correlations <0.3 were considered weak, correlations between 0.3 and 0.5 were moderate, with those >0.5 considered strong [39] .
Responsiveness was examined in participants who completed 8 weeks of exercise training, with the CRDQ completed prior to commencing exercise training and repeated 1 week following training completion. The responsiveness of the CRDQ was determined by calculating the effect size, which was defined as the ratio of mean change score divided by SD of the baseline score. It was also measured using the standardised response mean, which was the mean change divided by SD of the change score. An effect size of 0.2 is equivalent to a small effect, 0.5 is a medium and 0.8 is a large effect size [39] . For comparison, effect sizes of the SGRQ were also calculated.
Statistical Analysis
Statistical analysis was performed using SPSS for Windows, version 21.0 (SPSS Inc., Chicago, Ill., USA). Subgroup analysis was measured using unpaired Student's t test and one-way analysis of variance (ANOVA).
Results
Overall, a total of 85 participants were included in the study. All of them participated in the cross-sectional analyses of internal consistency. Of these, 43 participants were included in the reliability analysis, and 42 participated in the responsiveness analysis. The clinical characteristics are outlined in table 1 . The majority of participants were female (72%), with a mean age of 64 years. On average, the participants had mild to moderate disease severity, as indicated by their forced expiratory volume in 1 s and forced vital capacity (% predicted; table 1 ).
The summary scores of each of the HRQOL instruments are outlined in table 2 . Greater impairment in dyspnoea and fatigue was evident compared to emotional function or mastery according to the CRDQ. Individual responses for the CRDQ and SGRQ covered the entire range of possible scores, with 1 participant demonstrating a floor effect and 1 participant demonstrating a ceiling effect for each domain. Based on the initial validation of the LCQ in bronchiectasis [19] , there was a moderate to severe degree of impairment of QOL related to cough. However, the extent of anxiety and depression in these patients appeared to be minimal.
According to the CRDQ, females reported greater fatigue compared to males (p = 0.008), but there was no difference in dyspnoea (p = 0.31), emotional function (p = 0.93) and mastery (p = 0.86). There was no difference in the CRDQ domain dyspnoea according to mMRC scores (p = 0.77). There was no correlation with age or body mass index in any of the CRDQ domains (all r < 0.2, p > 0.05; data not shown).
Internal Consistency and Reproducibility
The internal consistency of the CRDQ was adequate ( ≥ 0.70) for all four domains and the total score. Cronbach's α coefficient was 0.76 for dyspnoea, 0.85 for fatigue, 0.94 for emotional function and 0.80 for mastery. Of the 43 control participants who performed the CRDQ, 9 weeks apart for test-retest reliability, the ICC demon- figure 1 . The mean difference after 9 weeks was 0.39 (3.6), with an upper limit of agreement of 6.35 and a lower limit of -7.31.
Validation
For convergent validity, the correlation coefficient of the total CRDQ score demonstrated a fair relationship with the total SGRQ score at baseline ( table 3 ) . The dyspnoea domain only correlated with SGRQ symptoms, while the fatigue, emotional function and mastery domains were more strongly associated with each of the SGRQ components and total score ( table 3 ) . Similarly, there was a fair to moderate relationship between the fatigue, emotional function and mastery domains of the CRDQ and LCQ as well as anxiety and depression.
For discriminant validity, there was no correlation between CRDQ scores and 6MWD or spirometry measures ( table 3 ) . The mMRC rating showed only a fair relationship with CRDQ fatigue levels. 0.04) as well as the SGRQ domains of symptoms (p = 0.001) and activity (p = 0.04) and the SGRQ total score (p = 0.03). The changes in each of the CRDQ component scores were as follows (mean ± SD): dyspnoea 2.0 ± 9.4, fatigue 0.76 ± 5.8, emotional function 0.5 ± 2.3, mastery -0.12 ± 6.9 and total score 2.4 ± 16.6. According to both the effect size and standardised response mean, the change in the CRDQ domain of dyspnoea and total score represented a small effect ( table 4 ) . In comparison, the SGRQ symptoms, activity and total score demonstrated a small to moderate change according to both methods of analysis.
Responsiveness
Discussion
This is the first study to describe the validity and reliability of the CRDQ in mild to moderate non-CF bronchiectasis. It showed that the CRDQ provides a reliable measure of HRQOL, with good convergent validity in relation to other HRQOL instruments, which have been validated in this patient population. Although able to detect change in an intervention, such as exercise training, the CRDQ was less sensitive to change compared to the SGRQ.
In general, the CRDQ demonstrated an acceptable level of internal consistency, similar to that described in COPD [34, [40] [41] [42] . The total score and all domain scores had ICCs >0.69, demonstrating that the repeatability of the CRDQ in non-CF bronchiectasis is adequate and compares favourably to previous reports of this questionnaire in patients with COPD [34] . The limits of agreement of the total CRDQ score were less than the known minimal important difference reported in COPD for this questionnaire [43, 44] ; this implies that there was adequate agreement of the CRDQ in this study.
Only a fair relationship was demonstrated between the CRDQ dyspnoea domain and the symptom domain of the SGRQ. This may be related to the overall mild functional impairment of this patient group as indicated by a mean mMRC score of 1 (shortness of breath when hurrying on level ground or walking up a slight hill) and the relatively well-preserved lung function, which were features of this sample population. Dyspnoea of a mild degree appears to have less impact on physical measures, which may account for the lack of correlation between dyspnoea and the SGRQ activity domain. Although it contrasts with a previous report of a strong association between dyspnoea and physical function [2] , this may be related to the more severe disease (forced expiratory volume in 1 s: 66%) evident in the previous study.
In addition, dyspnoea is often a less frequently reported symptom in bronchiectasis [12] . Whilst the dyspnoea domain of the CRDQ evaluates only a single symptom, the symptom domain of the SGRQ evaluates dyspnoea as well as wheeze, cough, sputum production and number of exacerbations [35] . Compared to the CRDQ, which evaluates dyspnoea, fatigue, emotional function and mastery [17, 34] , the QOL-B, which was specifically developed for bronchiectasis, provides a more detailed review of respiratory symptoms (including dyspnoea) as well as measurement of physical, emotional and social function, role function, vitality, illness perception and treatment burden [14, 15] . For this reason, identification of the common respiratory symptoms experienced in each individual patient may influence the choice of instrument used to evaluate HRQOL. The QOL-B is readily available, but as a newly devised tool, its use in clinical practice is evolving; in comparison, the CRDQ is currently an established measure of HRQOL within existing pulmonary rehabilitation programs [22, [26] [27] [28] . Although it does not encompass the breadth of symptoms and clinical features like the QOL-B, there is merit in establishing the measurement properties of this tool. Programs such as pulmonary rehabilitation often include a mix of patient populations [22, [26] [27] [28] ; comparing changes in HRQOL between patient groups following treatment using a tool which is valid and reliable in every population facilitates the clinical interpretation of this intervention.
A key finding of the study was the presence of a moderate to strong relationship between the CRDQ domain fatigue and all domains of the SGRQ, the physical and psychological impact of chronic cough and anxiety and depression. Despite patients demonstrating overall mild impairment in cough-related QOL, this high tolerance of cough-related symptoms did not mask the impact of a chronic cough on fatigue in this population. These findings are consistent with a study of patients with moderately severe bronchiectasis, in which significant correlations between the Fatigue Severity Scale and the LCQ physical domain (r = -0.56) and total score (r = -0.50) were evident [45] . Sources of systemic fatigue in bronchiectasis are multi-factorial and the relationships demonstrated in the current study suggest that other factors, including the cycle of repetitive infection and inflammation which defines bronchiectasis [1] are possible contributing factors. In addition, the association between fatigue and activity levels suggests that the peripheral muscle dysfunction and deconditioning that have been described in non-CF bronchiectasis [45, 46] which is related to reduced physical function [11, 47] may also contribute to this clinical characteristic. With fatigue reported in up to 74% of patients with bronchiectasis [6, 12] , its psychological impact reflected by levels of anxiety and depression may be critical to consider in some patients. The moderate to strong correlations between the CRDQ domains of emotional function and mastery to all domains of the SGRQ and LCQ suggests that the key clinical features of cough, sputum production, breathlessness, wheeze, fatigue and impaired exercise tolerance directly impact patients' ability to cope with their chronic condition. The exception to this is the social impact of chronic cough, with no relationship between the LCQ social score and the CRDQ domains of emotional function or mastery. This suggests that as an accurate assessment of impaired social function secondary to chronic cough, the LCQ is preferable to the CRDQ to quantify this impact [21] . Knowledge of these relationships may be useful for clinicians instituting treatment approaches to manage these clinical consequences of non-CF bronchiectasis and perhaps to consider evaluating not only the effect of these interventions on signs and symptoms, but also on the psychological function and levels of anxiety and depression [48, 49] in these patients.
The lack of a relationship between exercise capacity and CRDQ domains differs to earlier reports, in which measures of HRQOL and field walking tests were strongly related [2, 50] . The likely reason for the findings in our study is the overall mild functional impairment of our patients, with the 6MWD being 84% of the predicted normal [51] . Although mild compared to previous reports [52, 53] , the baseline 6MWD and mMRC values are equivalent to those reported in patients enrolled in previous pulmonary rehabilitation programs [54] . Disease severity did not correlate with CRDQ HRQOL, which is consistent with spirometry measures not being an independent predictor of 6MWD [50] . Analysis of disease severity of bronchiectasis is often better suited to HRCT scoring [29] . As this was not included in the current study, further analysis of the relationship between disease severity based on HRCT and this HRQOL instrument is required.
The CRDQ was less responsive to improvements with exercise training than the SGRQ. This may be attributable to the significant change in dyspnoea and fatigue following exercise training but the lack of effect on emotional function or mastery in these participants [23] . In contrast, there was a significant difference in SGRQ symptoms, activity and total score. The lack of change in emotional function and mastery is likely to be due to the well-preserved levels at baseline. Despite the influence of these participant baseline characteristics, it suggests that the CRDQ may not be the most sensitive measure for assessing the change in HRQOL following this intervention. In the absence of a definition of the minimal important difference for HRQOL scores in bronchiectasis, the use of a distribution-based approach in this study reflects one dimension of responsiveness. Future studies incorporating a patient perception of change following exercise training or other interventions are necessary to gain a more indepth analysis of the responsiveness of the CRDQ.
There are limitations in this study. Firstly, the overall disease severity of the patients was limited to mild to moderate non-CF bronchiectasis. For this reason, our results only apply to patients with a similar disease severity and mild functional capacity; further confirmation is required in patients experiencing more severe lung disease and those with moderate and severe impairment in functional capacity. Further examination of the discriminant validity of the CRDQ with respect to disease severity is necessary. In addition, bronchiectasis is not only a disease of adults; it also affects children, adolescents and younger adults [55, 56] . The age range in this sample population was 58-73 years. While the CRDQ may not be a suitable tool for assessing HRQOL in children with bronchiectasis, its validity and reliability in adolescents and adults aged <58 years requires further analysis. The relatively small number of participants may have influenced the effect size of the CRDQ following exercise training. For this reason, the responsiveness to exercise training should be examined in a larger group of patients.
In conclusion, the CRDQ, although not specifically designed for non-CF bronchiectasis, provides a reliable and valid reflection of HRQOL in elderly individuals with this condition with mild to moderate disease severity. This, together with its ease of use enhances the clinical appeal and application of the CRDQ. Confirmation of the responsiveness of the CRDQ to the effects of interventions other than exercise training requires further study.
